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Introduction-^Inj uries  produced  by  compression  or  tension  loads~"de- 
livered  either  axially  or  in  association  with  flexion  or  extension  represent 
the  majority  of  spinal  injuries  observed  in  most  centers.  The  spinal  cord 
routinely  is  injured  by  ligament  failure,  or  dislocation,  with  attendant  im¬ 
pact  to  the  spinal  cord  with  bone  or  disk.  While  a  rich  literature  exists  de¬ 


tailing  the  retrospective  evaluation  and  injury  force  vectors  associated  with 
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spinal  injury,  few  quantitative  studies  are  available.;  '  '  The  costs  of 


medical  treatment  for  all  spinal  cord  injury  is  estimated  to  be  in  excess  of 


330  million  dollars  per  year.  There  are  approximately  10,000  new  cases  of 
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acute  spinal  cord  injury  each  year  in  the  United /States . '  The  National  Elec¬ 
tronics  Injury  Survey  System  (NEIS3)  indicates/there  are  3,000  new  cases  of 
spinal  injury  due  to  falls,  3,000  attributed  to  vehicular  accidents,  and 
4,000  due  to  other  causes  each  year. 

The  teaching  institutions  of  the  Helical  College  of  Wisconsin  including 
Milwaukee  County  Medical  Complex  and  Froedtert  Memorial  Lutheran  Hospital  are 
the  primary  trauma  centers  for ' Southeastern  Wisconsin.  They  provide  care  for 
over  350  patients  with  head  injuries  annually.  Between  1075  and  1930  152 
cervical  spine  injury  patients  and  105  patients  with  thoracolumbar  trauma 


were  treated.  Approximately  50%  of  the  patients  represented  by 
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these  statistics  were  motor  vehicle  related.' 

^  This  presentation  will  provide  a  review  of  typical  clinical  findings  ob¬ 
served  in  our  institution  with  a  comparison  of  studies  conducted  on  50  unem¬ 
balmed  human  male  cadaver  specimens  studied  with  forces  applied  in  compres¬ 
sion  and  transverse  to  the  cervical  or  thoracolurbar  columns.  Briefly  all 
specimens  were  determined  to  be  within  normal  limits  tv  medical  historv  ar.d 
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x-ray  examinations  concucted  prior  to  tne  test.  All 

follov:ing  each  test.  Spinal  injury  vas  determined  bv  careful  cress  dis¬ 
section  and  confirmation  by  clinical  staff  members. f 

Isolated  cervical  and  thoracolumbar  spinal  columns  were  studied.  Sup¬ 
porting  tissues  were  carefully  removed  to  avoid  damage  to  the  ligaments. 
Studies  conducted  in  the  intact  cadaver  were  done  in  preparations  where  the 
tissues  were  kept  at  2°  c.  until  studied  within  1-3  days  following  death. 

The  leads  were  applied  to  the  human  spinal  columns  with  a  Series  810  Mater¬ 
ials  Test  System  or  a  speci  .liy  designed  MTS  Servo  Control  Test  Device  with  a 
25  cm  piston  stroke  capable  of  moving  under  programmed  control  at  rates  up  to 
10  meters  per  second.  Compression  studies  with  the  cervical  column  aliened 
axially,  or  in  30  decrees  or  rlexion  or  30  decrees  of  extension  showed  a  mean 
failure  load  in  axial  compression  of  approximately  6,000  Newtons  (N)  with  a 
mean  input  energy  of  137  joules  (J) .  Flexion  failure  occurea  w'ith  an  average 
of  2000  N  and  a  mean  energy  of  68  J,  and  extension  failure  with  a  mean  of 
2200  N  with  an  average  energy  of  99  J . 

Studies  with  preflexed  isolated  thoracolumbar  and  cervical  through  lum¬ 
bar  segments  of  the  human  cadaver  with  vertical  loading  demonstrated  that  the 
isolated  thoracolumbar  spines  failed  with  compression  loads  from  approximate¬ 
ly  800  to  5100  N.  Two  specimens,  which  included  the  cervical  spine,  failed 
between  550  and  300  N.  With  vertical  forces  applied  to  the  upper  thoracic 
region  of  intact  seated  cadavers,  thoracolumbar  fractures  were  observed  with 
forces  of  1550  to  2800  N.  The  forces  for  fracture  were  a  function  of  the  de¬ 
gree  of  initial  flexion  and  the  length  of  the  spines.  All  fractures  occurred 
at  the  low  thoracolumbar  areas.  However,  upper  thoracic  injuries  were  ob¬ 
served  when  the  cervical  elements  were  included.  A  free  body  diagram  of  the 
relevant  forces  and  distances  for  externally  applied  force  to  the  intact  ca¬ 
daver  is  giver.  (Fig.  1).  For  445  K  applied  to  the  thoracocervical  junction 
and  typical  anatomical  cata,  the  force  c.n  the  ligaments  (F  )  is  approximately 
2090  N ,  and  the  force  cn  the  vertebral  body  (F  )  is  approximately  2900  N. 

Discussion — Studies  on  the  cervical  column  indicate  that  more  force  is 
required  to  produce  bony  or  ligamentous  carnage  in  the  cervical  column  when 
the  specimens  failed  with  an  axial  compression  in  contrast  to  flexion  or  ex¬ 
tension  failures.  Axial  and  flexion  failures  involved  veitebral  body  cem- 
oresri on  or  fracture  with  attendant  licamer.t  failure.  extension  failures 
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avulsion  of  the  vertebral  body.  Studies  of  the  thor n co  1  umb a r  sections  indi¬ 
cate  that  the  preflexed  column  or  preflexed  seated  cadavers  sustain  lover 
thoracolumbar  vertebral  fractures  which  are  attendant  with  posterior  licamsn- 
tcus  disruption.  It  is  important  to  note  that  in  the  living  subject,  signi¬ 
ficant  muscle  force  can  be  exerted  to  protect  the  posterior  ligaments  if  mus¬ 
cles  are  preter.sioned  or  have  sufficient  time  to  allow  for  reflex  response. 
Studies  conducted  with  single  thoracolumbar  vertebral  bodies  in  compression 

done  in  our  laboratory  were  within  the  failure  range  given  by  Kazarian  and 
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Lin  and  Liu. 
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